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Clustering of modulated genes
We clustered genes found to be modulated in the FMP group using different Spearman coefficient correlations (ranging from 0.60 to 0.95). By using genes assigned to known species as controls, we calculated the specificity of the clustering method as a function of spearman correlation coefficients and were able to show that 0.75 returns the highest specificity (i.e. number of genes of cluster >2 assigned to a given species, 97%) ( Figure S3 ).
Size-filtering of clusters
Two randomly selected genes from the catalog of 3.3 million have a lower chance of clustering than two genes belonging to an extant bacterial species responding to a true biological modulation. We intended to define the minimal size of a cluster that is likely to result from the dietary intervention and not from random variation. We randomly chose the same number of genes that were retrieved by the Kruskall-Wallis test (1320 or 641 genes for the FMP and MP groups, respectively) among the 3.3 million genes catalog. Clustering was performed using the same 0.75 Spearman correlation coefficient. By re-iterating this procedure 10 times, we were able to determine that the size of randomly chosen 1320 (or 641) genes varies from 3.04 (or 1.84) to 8.56 (or 4.94) within 99% of confidence for the FMP (or MP) group. We then disregarded clusters smaller than 9 (or 5) in FMP (or MP) group.
Taxonomic assignment
Genes were taxonomically assigned by blastN at the species level when the alignment reached 95% of identity over 90% of the sequence. In cases of phylogenetic close species/strains or in case of uncertainty of species name/phylogeny in public databases, genes could be equivocally assigned to more than one species. This was the case for the genes of cluster MGS128 that were assigned to Parabacteroides distasonis, Bacteroides sp. 20_3, Bacteroides sp. 2_1_33B, Bacteroides sp. 3_1_19, Parabacteroides sp. D13 and Bacterioides sp. 2_1_ 7. These organisms were indeed described as being very close relatives likely to form a unique species 4 . Based on genome coverage, we assigned these genes to P. distasonis which is the most represented genome in the cluster.
When the taxonomy at species-level could not be assigned, Phylum, Order and Family-levels were assigned by using MEGAN 5 . A taxonomic assignment was given when the percentage of the reads of one cluster was above 50% of the total reads. In case this threshold was not attained, an approximate taxonomy was assigned when one phylotype contributed to at least 30% of the assigned reads.
Metabolic reconstruction of unknown species
Spearman correlation coefficients were calculated for each pair of the genes of the catalog based on their relative abundance profile along 292 individuals. A unique gene of a given cluster was used as a "prey" to "chase" the genes of the catalog co-varying with the prey at a given threshold and included in the given cluster. By a step by step approach, genes of the catalog co-varying with the chased genes were included in the given cluster until no more genes of the catalog co-varied with the genes of the given cluster.
In order to test the specificity of the "chase" algorithm, we randomly selected genes of 10 known species (Bacteroides fragilis, Bacteroides stercoris, Bacterois sp. 2_1_7, Clostridium nexile, Klebsiella pneumoniae, Bilophila wadsorthia, Butyriovibrio crossotus, Bifidobacterium bifidum, Bacteroides clarus, Roseburia inulinivorans) and applied the "chase" procedure with different Spearman coefficient parameters (from 0.75 to 0.85). Chased genes were taxonomically assigned with the same blastN procedure as before and specificity was calculated ( Figure S4 A) . At a threshold of 0.75 the specificity of the clustering was 95.16% on average [max: 99%-min:90%]. By increasing the Spearman correlation threshold to 0.80 and 0.85 the specificity only slightly increases to 96.09 and 96.78%. Of note, the specificity is highly correlated to the number of genomes available for a species indicating that the size of the pan-genome (cumulative genomes for a given species) is an important parameter for taxonomically assigning genes ( Figure S9 ). With a correlation coefficient of 0.75, the average number of genes retrieved is 2729 [max: 3827-min: 1521] which is lower than the average number of genes of the reference genomes 3853 [max:5305-min:1902] (Table S1 ). This data suggests that not all the genes of the species are recovered by the "chase" procedure and that larger cohorts are needed to improve genes clustering. While the average specificity is slightly higher with 0.80 to 0.85 spearman correlation coefficients, 96.1% and 96.8%, respectively, the average number of genes retrieved for each species decreases dramatically to 2159 and 1468 genes, respectively. We proceeded with the Spearman coefficient correlation of 0.75 for further analysis. Genes of the butyrate pathway were clustered at a Spearman correlation coefficient of 0.75 using the MetaHIT cohort 7 . Nine clusters thus generated could be assigned to species known to produce butyrate (Faecalibacterium prausnitzii, Lachnopsiraceae bacterium 5_1_63FAA, Coprococcus ART55/1, Eubacterium hallii, Roseburia intestinalis, Clostridium sp. L2-50, Roseburia inulinivorans, Butyrivibrio crossotus, Acidaminococcus sp.D21) 6, 8, 9 . For 3 of these species (F. prausnitzii, R.
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inulinivorans, E. hallii), only 70% (5 genes out of 7) of the butyrate production pathway could be retrieved illustrating the limitation of the method resulting from the fact that not all genes of the butyrate production might be contained in this version of the human microbiome catalog. Hence, increasing the gene catalog and clustering cohort sizes will allow for the retrieval of more complete butyrate modules in the future. Genes encoding BCD, BHDH, CRO and THL were retrieved in all known species showing a high conservation of these genes in our methodology (Table S3 ). Thus, results were refined by considering a functional butyrate module as one where the 4 highly conserved butyrate genes (BCD, BHDH, CRO and THL) were present together with 1 other gene of the butyrate pathway.
Functional assessment of known species
Bilophila wadsworthia 3_1_6 and Parabacteroides distasonis ATCC 8503, Clostridium sp. HGF_2, Bifidobacterium bifidum S17, Bifidobacterium dentium Bd1 were downloaded as FASTA files from Figure S1 . Overview of the bio-informatics pipeline used to reduce data complexity.
Step 1) 50-bases tags (reads) were generated with SOLiD v4 sequencer.
Step 2) were mapped on the MetaHIT 3.3 million genes catalog.
Step 3) Only those tags that mapped uniquely (univocally) to a single gene were retained.
Step 4) Genes count profiles were generated for each individual.
Step 5) Genes that were potentially modulated upon the intervention (intra-group analysis) were identified with a Kruskall-Wallis test (p<0.01).
Step 6) Genes that could not be assigned to any known species or clusters (unknown species) were disregarded. Step 7) Clusters of genes or species counting less than 9 (or 5) genes in the FMP (or MP) group were disregarded since these clusters are more likely to results from noise.
Step 8) Relative abundance of a given species (known and unknown) was computed by averaging the frequency of 50 genes belonging to the species (or cluster of genes) of interest. Figure S4 . Relationship between Spearman correlation coefficients and specificity of the « chasing » procedure. Ten known species were used to validate the « chasing » procedure (see supplemental material and methods for details). (A) Percentage of clustered genes assigned to the cognate genome(s) of a species (i.e. specificity) at different spearman correlation coefficients (B) Average number of genes retrieved from the « chase » procedure at different spearman correlation coefficients. Figure S7 . The FMP stimulates SCFA production by human colonic microbiota in vitro. The SHIME colonic fermenter (reference 23) was inoculated with fecal microbiota of 2 human donors and after 2 week (C1 & C2 time points) exposed to FMP during 3 weeks (T1, T2 and T3 time points). Mean fold changes between control and treatment periods are reported when statistical significance was met. n.s: non-significant, *** (p<0.001, ANOVA). 
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